Objective: Prolonged air leak is still one of the most frequent complications after pulmonary resections, particularly upper lobectomy. This study aimed at evaluating the efficacy of pleural tenting in decreasing air leak after upper lobectomy. Methods: This was a prospective randomised study of 48 patients who had upper lobectomy. They were divided into two groups: the first group included 23 patients in whom the pleural tent was done, and the other group included 25 patients in whom no tenting was performed. These two groups were compared regarding the preoperative, operative and postoperative characteristics. Results: The incidence of air leak was significantly lower in the tent group at postoperative day 3 and thereafter. The intensity of air leak at postoperative day 2 was significantly lower in the tent group ( p = 0.028), and the duration of air leak was significantly shorter in the tent group (2.96 AE 1.43 days vs 4.68 AE 2.95 days, p = 0.015). The total amount of pleural drainage was significantly larger in the tent group (1278 AE 407 ml vs 1054 AE 266 ml, p = 0.027). The chest tube duration and the total hospital stay showed no significant difference between both groups. The incidence of development of postoperative apical dead space was lower in the tent group but it did not reach a significant level. The incidence of prolonged air leak was significantly lower in the tent group and regression analysis for its risk factors showed that pleural tenting was significantly associated with decreasing the incidence of prolonged air leak while chronic obstructive pulmonary disease (COPD) was significantly associated with increasing it. Conclusion: Pleural tenting is a simple, short, safe and effective procedure for decreasing air leak following upper lobectomy and may be used especially in those patients, who have increased risk of prolonged air leak. #
Introduction
The occurrence of prolonged alveolar air leak after pulmonary lobectomy is one of the most common problems for thoracic surgeons. It results in longer periods of intercostal drainage, thus increasing morbidity, the length of postoperative hospitalisation and costs [1] . Following upper lobectomy, the anatomic configuration of the removed upper lobe prevents the raw surfaces of the remaining lung to get in apposition with the parietal pleura of the apex, thus leaving a persistent apical space, which promotes a prolonged parenchymal air leak from the unsealed lung parenchyma [2] .
During the history of general thoracic surgery, plenty of methods were tried to prevent residual air spaces after lung resection. Pleural tenting, an old method first described by Miscall et al. [3] and Hansen [4] , has recently regained popularity [5] [6] [7] [8] .
In this prospective randomised trial, we investigated the effect of pleural tenting in decreasing air leak following upper lobectomy.
Materials and methods
This was a prospective randomised study of 48 patients performed from December 2006 to October 2009 at Cardiothoracic Surgery Department in Menoufia University Hospital in Egypt. All patients had different thoracic pathologies indicating upper lobectomy. Children (less than 19 years) and patients who required chest wall resection or postoperative mechanical ventilation were excluded from the study. Before starting the study, it was approved by the ethics committee in Menoufia Faculty of Medicine, and consent was taken from all patients informing them that they may or may not have the pleural tent technique. We used the Consolidated Standards of Reporting Trials (CONSORT) statement 2001 checklist items for this randomised controlled trial (www.consort-statement.org).
Patients were divided randomly into two groups: the first group included 23 patients in whom the pleural tent was done, and the other group included 25 patients in whom no tenting was performed. Patients were allocated in both groups sequentially according to a computerised random number generator. Only the surgeon and his team were aware of the assignment of patients. Patients, data collectors and the statistician were blinded to group assignment.
All patients had the standard posterolateral thoracotomy with division of the latissimus dorsi muscle and preservation of the serratius anterior muscle (when possible) by the same surgical team. The thoracic cavity was entered through the fifth intercostal space and any adhesions were taken down by electrocautery or blunt dissection. Incomplete fissures (when present) were divided and upper lobectomy was performed in the usual manner. Large injuries in the lower lobe during dissection (when occurred) were sutured manually (#3/0 polypropylene) without using any synthetic sealants. Routine mediastinal lymph node dissection was done in patients with lung cancer. The inferior pulmonary ligament was freed up to the inferior pulmonary vein in all cases. Two chest tubes were placed routinely, which were connected to water seal system without suction.
In the tent group, the parietal pleura was dissected from the endothoracic fascia starting from the upper border of the thoracotomy incision and continuing dissection anteriorly and posteriorly stopping at the mediastinal pleura (Fig. 1) . The apical pleura were dissected circumferentially. The free lateral margin of the parietal pleura was sutured very superficially to the fourth intercostal space muscle fibres (preserving the neurovascular bundle) by three interrupted absorbable sutures to obtain the tent configuration (Fig. 2) . The chest tubes were placed under the tent.
The primary outcome of this study was air leak, which was recorded daily by a blinded trained physician, who also recorded total pleural drainage, chest tube duration, total hospital stay and the occurrence of postoperative apical dead space. Major postoperative complications were also recorded.
Air leak was recorded in the morning with the patient sitting in bed after he or she was ambulated for a while in the room. The intensity of air leak was graded qualitatively according to its occurrence in the respiratory cycle (no air leak, forced expiratory, expiratory, inspiratory and continuous) as described by Cerfolio et al. [9] .
The chest tubes were removed when the air leak stopped and the pleural drainage was less than 50 ml per 8 h; the air leak was considered prolonged when it lasted 5 or more days. Operative or postoperative mortality and patients who needed postoperative mechanical ventilation were excluded from the study.
Statistical analysis
Based on previous studies, sample size was calculated to be 23 patients in each group to provide 90% power and 0.05 statistically significant level. Data were collected and entered into the computer using SPSS (Statistical Package for Social Sciences, SPSS Inc., Chicago, IL, USA) program for statistical analysis, version 13. To measure the strength of association between discrete variables, chi-square tests were done, and a p-value less than 0.05 was considered statistically significant. Fisher's exact test was done when more than 25% of the cells contain an expected count less than 5. Student's t-test was used to compare mean and SD of two sets of quantitative normally distributed data, while the Mann-Whitney test was used when data were not normally distributed. Multivariate analysis was performed using stepwise logistic regression models to give adjusted odds ratio and 95% confidence interval of the effect of different risk factors for air leak lasting 4 or more days; all potential confounders were included in the initial model and systematically tested to determine whether they should be retained in the final model.
Results
Fifty-two patients were randomly allocated to this study (Fig. 3) . The tent could not be performed in two patients because of dense adhesions between the parietal pleura and the chest wall, resulting in multiple large tears in the pleura. One had a chronic lung abscess and the other had persistent tuberculous cavity; they were excluded from the study. We also excluded one patient from the tent group because he needed postoperative mechanical ventilation and one patient from the non-tent group because he died at postoperative day 4 from severe chest infection. The remaining 48 patients were statistically analysed (23 patients in the tent group and 25 patients in the non-tent group).
There were no significant differences between the two groups regarding age, sex, preoperative forced expiratory volume in the first second (FEV1), presence of chronic obstructive pulmonary disease (COPD) (any disorder that persistently obstructs the bronchial airflow), side of the pathology and the indication of lobectomy (Table 1) . Further, the presence of dense adhesions between the lung and the chest wall, the presence of incomplete fissure, resection of the right middle lobe and the occurrence of any intraoperative lower lobe air leaks showed no significant differences between the two groups ( Table 2 ).
The incidence of air leak was significantly lower in the tent group at postoperative day 3 and thereafter. The intensity of air leak at postoperative day 2 was significantly lower in the tent group ( p = 0.028), and the duration of air leak was significantly shorter in the tent group (2.96 AE 1.43 days vs 4.68 AE 2.95 days, p = 0.015). The total amount of pleural drainage was significantly larger in the tent group (1278 AE 407 ml vs 1054 AE 266 ml, p = 0.027). The chest tube duration and the total hospital stay showed no significant difference between both groups. The incidence of development of postoperative apical dead space was lower in the tent group but it did not reach a significant level. The incidence of prolonged air leak was significantly lower in the tent group (Table 3) .
Prolonged air leaks were managed conservatively in all patients without using chemical pleurodesis, and patients were discharged from the hospital without chest tubes except for one patient in the non-tent group, who had prolonged expiratory postoperative air leak and persistent residual apical dead space. He was discharged home at postoperative day 7 on Heimlich valve. The air leak stopped at postoperative day 16 and the tube was removed 1 day later. The residual dead space gradually diminished in size and disappeared after 11 weeks. Residual apical dead spaces were managed conservatively in all patients without insertion of another chest tubes; they gradually disappeared in all cases within 2-4 months. No major postoperative complications occurred in both groups apart from superficial wound infection in four patients, two in each group; they were managed conservatively by daily dressing and one case in the tent group needed secondary sutures in postoperative day 10. The mean duration of air leak in all patients was 3.85 days. We tried to find the risk factors responsible for prolonged air leak. We had 12 (25%) patients with air leak duration of 5 or more days (two patients in the tent group, and 10 patients in the non-tent group). Lack of pleural tenting and COPD have been found to be significantly associated with air leak lasting 5 or more days in both univariate (Table 4 ) and multivariate analysis (Table 5) , while the presence of dense adhesions and intraoperative lower lobe air leak have been found to be significantly associated with air leak lasting 5 or more days in univariate analysis only (Table 4) .
Comment
Air leaks continue to be the most common complication after lung surgery. Minor leaks are generally innocuous and can be managed conservatively by chest tube drainage [10] . Prolonged air leak remains a frequent complication that may cause more severe morbidity, such as empyema, and prolong the need for chest tubes and hospitalisation. It increases the frequency of inpatient and outpatient resource use, having a major impact on hospital costs [11] .
This study aimed at evaluating the effect of pleural tenting on decreasing air leak following upper lobectomy. Upper lobectomy was recorded as one of the risk factors for developing prolonged air leak after pulmonary resection [11] . The rationale behind the pleural tent is to sustain the symphysis of two pleural surfaces as reported by Rice and Kirby [12] . This symphysis causes not only a diminution in intrapleural space but also maintenance of sealing of small air leaks from the lung surface. Early termination of air leaks leads to early removal of chest tubes, resulting in the decreased probability of postoperative complications, most importantly infection, and increased patient comfort with early discharge from the hospital [7] .
Regarding the duration of air leak, we recorded a significantly shorter duration in the tent group (2.96 AE 1.43 days vs 4.68 AE 2.95 days, p = 0.015); this coincides with Robinson and Preksto [6] (1.6 AE 0.3 days vs 3.9 AE 1.2 days, p = 0.04), Brunelli et al. [2] (1.2 AE 2 days vs 5.8 AE 7.9 days, p = 0.01), and Brunelli et al. [8] (2.5 AE 4.2 days vs 7.2 AE 8.6 days, p = 0.0001). We also recorded a significantly lower incidence of air leak in the tent group at postoperative day 3 and thereafter, and we had a significantly lower intensity of air leak at postoperative day 2 in the tent group as 78% of these patients had no or forced expiratory air leak compared to only 32% in the non-tent group.
In our study, the total pleural drainage was significantly larger in the tent group (1278 AE 407 ml vs 1054 AE 266 ml, p = 0.027); this disagrees with Robinson and Preksto [6] , who had a significantly smaller amount in the tent group. This may be because they removed the chest tube when the drainage was less than 75 ml per 8 h while we removed it when the drainage was less than 50 ml per 8 h. Brunelli et al. [2, 8] had no significant difference between both groups but they recorded the drainage only in the first 2 postoperative days and removed the tube when the total daily drainage was less than 200 ml. We think that the large raw area after pleural tenting is responsible for the increased amount of pleural drainage in the tent group but without the development of any serious complications especially bleeding, extrapleural clot formation or infection, which may be the most important annoying complications limiting routine use of the pleural tent by some surgeons.
Most studies had a significantly shorter duration of chest tubes and postoperative hospital stay in the tent group [2, [6] [7] [8] , we also recorded a shorter duration of chest tubes and postoperative hospital stay in the tent group but it did not reach a significant level (Table 3) . This may be due to the significantly larger amount of pleural drainage in the tent group, which did not allow us to remove the chest tubes irrespective of stoppage of air leak.
In our study, pleural tenting was found to significantly decrease the incidence of prolonged air leak. We also noted a lower incidence of apical dead space in the tent group but it did not reach a significant level. Brunelli et al. [2, 8] had a significantly lower incidence of prolonged air leak in the tent group. Okur et al. [7] recorded an equal incidence of apical dead space in both groups.
Logistic regression analysis for the most relevant risk factors for air leak lasting 5 or more days showed that pleural tenting was significantly associated with decreasing the incidence of air leak lasting 5 or more days while COPD was significantly associated with increasing it. Brunelli et al. [2, 8] recorded that pleural tenting procedure was the most significant predictive factor of air leaks that persisted for less than 4 days.
The mean time needed for pleural tenting was 6.7 min, which would not add much time to these lengthy operations and it could be done easily and safely without any complications related to the procedure.
Conclusion
Pleural tenting is a simple, short, safe and effective procedure for decreasing air leak following upper lobectomy and may be used especially in those patients who have increased risk of prolonged air leak.
